The operation findings in 97 patients with histologically proven bronchial carcinoma are correlated with inclined frontal tomograms in order to assess mediastinal lymphadenopathy. The diagnostic accuracy of inclined frontal tomography is analysed.
Inclined frontal tomography was introduced into
Milford Chest Hospital in 1969 and since that time has been in routine use for the investigation of the mediastinum and for assessing thoracic lymph node metastases in patients with bronchial carcinoma. This paper reports on the correlation of the radiological with the operative findings in 97 patients with histologically proven bronchial carcinoma during 1969 and 1970 and analyses the diagnostic accuracy of the technique.
In 1971 it was found that fewer patients were being subjected to palliative pneumonectomy with incomplete resection of malignant tumour and to exploratory thoracotomy. This was thought to be due to the influence of inclined frontal tomography in assessing operability. This was noted particularly in patients whose general condition permitted only a lobectomy and in patients with enlarged paratracheal and subcarinal lymph nodes which were considered to be too extensive for adequate surgical resection. In view of this, further correlation was not undertaken for this series.
TECHNIQUE
The first publication in English describing inclined frontal tomography was by Markovits and Desprez-Curely in 1962. Greenwell and Wright (1965) gave a full historical review and description of the method. We use the Massiot-Phillips radiotome as described in the paper by Greenwell and Wright but with modifications for determining the angle of cut on the preliminary radiograph and for reproducing the depth of cut on subsequent tomographic examination at a later date (Boyington, 1972 The enlarged lymph nodes were classified as paratracheal, tracheobronchial, and bronchopulmonary, but when seen the pretracheal, subcarinal, and subaortic nodes were described separately. Figure 2 demonstrates enlarged right bronchopulmonary and right para-aortic nodes due to metastases from a peripheral bronchial carcinoma. The pretracheal and subcarinal nodes are found on more anterior cuts and it is our practice to obtain at least five tomographic cuts to build up a composite picture of the mediastinal Greenwell and Wright (1965) Table) LYMPHADENOPATHY PRESENT AT OPERATION The correlation between the operative findings and the tomographic demonstration of the enlarged metastatic lymph nodes was absolute in 42 cases. The eight patients in the group with good correlation all had a shadow in the hilum but we were unable FIG. 2. Enlarged right bronchopulmonary nodes and right to distinguish the tumour and glands on the radioparatracheal nodes. Note the thickening of the walls of the graph. The reports in these cases described hilar right upper lobe bronchus.
shadows and no attempt was made to distinguish between tumour extension and lymphadenopathy; however, the extent of the shadow on the tomograms corresponded well with the extent of the tumour mass found at operation. Three patients were found to have enlarged benign bronchopulmonary or subcarinal lymph nodes at operation and these had been identified on the tomograms. These nodes did not contain tumour on histological examination which showed reactive hyperplasia. These were all under 3 cm in diameter and it was considered that even if they had been malignant the tomographic appearances would not have deterred the surgeon from thoracotomy or even influenced the extent of the operation. One patient with bronchial carcinoma had metastatic involvement of a subcarinal node, but an enlarged bronchopulmonary node was also present and this was found to be due to a sarcoid reaction on histological examination. Both these glands were identified on the tomograms.
A false negative diagnosis was made in eight patients. Nodes missed on the tomograms are usually small and in five of these patients the primary tumour and the involved nodes were removed at operation.
Two patients had a radical pneumonectomy and three a lobectomy. In two of this group of patients, subaortic nodes were found at operation; in the remaining three patients, one was found to have a pathological subcarinal node, one a bronchopulmonary node, and one a pretracheal node. These nodes were not seen on the tomograms and histological examination confirmed that they were invaded by metastatic carcinoma. The abnormal tomographic appearances were misinterpreted in the three patients who were considered to be inoperable at thoracotomy. Two of these had extensive hilar masses and one also had subcarinal gland involvement. One patient had a 5 cm mediastinal mass involving the phrenic nerve.
LYMPHADENOPATHY NOT PRESENT AT OPERATION In the group in which there was absolute correlation between the surgical and tomographic findings, eight patients had nodes removed which were thought to be suspect by the surgeon but on histological examination were found to be free of metastatic deposits. In 24 patients there were no suspect nodes at thoracotomy. The suspected but histologically normal nodes were all small and the largest measured 2 cm in diameter. None of these nodes was seen on the tomogram and although nodes measuring less than 2 cm in diameter may sometimes be identified on the film when invaded by metastatic carcinoma, this is probably due to the increased radiographic density of the tumour material and the associated fibrotic changes.
The false positive diagnoses are more dangerous because a surgeon may be dissuaded from operating on patients in whom the carcinoma is resectable. The three false positives in this series where the interpretation of the tomograms was misleading are considered in more detail. irregularity of the upper wall of the right main bronchus. A density was apparent to the right of the trachea in the region of the azygos vein with thickening of the tracheal wall, and this was thought to be an enlarged paratracheal lymph node. An enlarged pretracheal gland was also suspected (Fig. 4) Case 3 A 58-year-old man was found to have a right upper lobe lesion on a routine chest film. At bronchoscopy a right upper lobe epidermoid carcinoma was found and tumour infiltration of the mucosa of the lower border of the right main bronchus was discovered. A right pneumonect3my was performed. An enlarged malignant right paratracheal node was removed but no other pathological nodes were found. This node had been visible on the tomograms and the irregularity of the lower wall of the right main bronchus was also described. An enlarged subcarinal node had been reported on the tomograms lying adjacent to the right main bronchus but in retrospect the angle of the tracheal bifurcation was too narrow to contain a significant node (Fig. 5) .
CONCLUSIONS
The diagnostic accuracy of inclined frontal tomograms when compared with the findings at thoracotomy is high. The finding that enlarged lymph nodes are absent on tomography can be accepted with confidence. Difficulty may be experienced in differentiating hilar node masses from the primary tumour and caution is needed in interpreting upper lobe masses lying adjacent to the mediastinum as these may not be invading the paratracheal structures. In terms of the anatomical site of the neoplastic process the tomograms are remarkably accurate. In assessing operability the investigation is complementary to bronchoscopy and the results are encouraging. In the group of 51 patients with lung carcinoma where lymphadenopathy was confirmed at operation, 16 patients had surgery limited to exploratory thoracotomy, and six a palliative pneumonectomy. In the group of 32 patients with no lymphadenopathy, in only one patient was the tumour not resected and this was due to neoplastic invasion of the chest wall. We have found that this technique facilitates the selection of patients for mediastinoscopy and is also a useful aid in planning radiotherapy. 
